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(54) Optical module 

(57) In order to position an optical semiconductor 
chip (1) with high accuracy and without adjustment, a 
recess (4) for controlling the displacement of the optical 
semiconductor chip (1) is formed in a position in which 



the optical semiconductor chip on an optical element 
mounting substrate (3) having an optical waveguide (2) 
formed in the surface thereof Is fixed. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of s 
the accuracy for fixedly mounting optical semiconductor 
elements or chips onto an optical platform In an optical 
semiconductor module. 

An optical semiconductor module is a basic device 
constituting an opticaJ communication system and com- 10 
prises a laser diode (LD) which is a light emitting ele- 
ment or chip or a photodiode (PD) which is a 
photodetector. an optical fiber, a lens for optically cou- 
pling therebetween, and a housing for fixedly mounting 
them. The optical communication system is mainly is 
applied to a trunk line heretofore and increase of high- 
speed operation and a transmission distance has been 
performed. Hereafter, the optical communication sys- 
tern begins to study not only application to only the trunk 
line but also application to a local area network (LAN) in 20 
a building and a subscriber system for use in homes. 

In the optical communication system used by such 
wider users, not only function and performance of the 
large-capacity trunk line but also reduction in cost of 
devices constituting the system are strongly desired. 25 
Accordingly, in a conventional method in which align- 
ment of an optical axis is made and optical semiconduc- 
tor chips are fixedly mounted on a mounting platform to 
be coupled with optical waveguides or optical fibers, 
since much time and labor are required in order to cou- 30 
pie the optical semiconductor chips with the optical 
waveguides or the optical fibers with high accuracy, the 
mass productivity is deteriorated and the iow cost is dif- 
ficult. 

As a structure for coupling an optical semiconduc- as 
tor chip with an optical waveguide or an optical fiber with 
high accuracy, there is a structure utilizing solder bumps 
as shown in Fig. 5. In. the structure utilizing the solder 
bumps, as shown in Figs. 5(a) to 5(c), an electrode pat- 
tern 7 of metal film is formed on an optical element 4o 
mounting platform 3 and another electrode pattern 6 of 
metal film is also formed on a rear side of an optical 
semiconductor chip 1 so that the electrode pattern 6 
conforms to the electrode pattern 7. Thus, the optical 
semiconductor chip 1 is disposed on the mounting plat- 4S 
form 3 so that the electrode patterns 6 and 7 are sub- 
stantially coincident with each other, and the electrode 
patterns 6 and 7 are joined with solder bumps a At this 
time, by previously forming the electrode pattern 7 on 
the mounting platform 3 in a position where optical sem- so 
iconductor chips are optically coupled with optical 
waveguides or optical fibers when the optical semicon- 
ductor chips 1 are joined, the self-alignment effect acts 
due to the surface tension of the solder bump itself upon 
melting of the solder bump 8 as shown in Fig. 5(b), so ss 
that the electrode patterns 6 and 7 can be positioned 
with high accuracy and be optically coupled with each 
other without any adjustment. Thus, the optical semi- 
conductor chips can be coupled with the optical 



waveguides or the optical fibers without any adjustment 
and accordingly Improvement of the productivity of the 
optical semiconductor device can be expected. 

SUMMARY OF THE INVENTION 

There occurs a phenomenon that electrode pat- 
terns to be joined are not joined to each other or elec- 
trode patterns are joined to adjacent electrode patterns 
or electrode patterns do not quite come into contact with 
solder bump if the optical semiconductor chips are not 
conformed on the optical element mounting platform 
upon melting of the solder bump with positional accu- 
racy of about 20 }im depending on the size and number 
of the electrode patterns in order to position the optical 
semiconductor chips with high accuracy by utilizing the 
self-alignment effect. Accordingly, there occurs a prob- 
lem that the optical semiconductor chips are deviated 
from a position in which the optical semiconductor chips 
are optically coupled with optical waveguides or optical 
fibers and joined to the deviated position or the optical 
semiconductor chips are not quite joined to the elec- 
trode patterns on the optical element mounting plat- 
form. 

In order to solve the above problem, an optical 
module of the present invention comprises an optical 
element mounting substrate in which an optical 
waveguide is formed, an optical semiconductor element 
fixedly mounted in the optical element mounting sub- 
strate, and an recess for fixing the optical semiconduc- 
tor element in a position in a surface of the optical 
element mounting substrate in which an end surface of 
an active layer of tiie optical semiconductor element 
and an end surface of the optical waveguide are cou- 
pled optically, and the alignment of the optical semicon- 
ductor element is made by means of the sides of the 
recess. 

Further, an optical module of the present invention 
comprises an optical element mounting substrate in 
which a groove is formed, an optical fiber fixedly 
mounted in the groove, an optical semiconductor ele- 
ment fixedly mounted in the optical element mounting 
substrate, and an recess for fixing tiie optical semicon- 
ductor element in a position in a surface of the optical 
element mounting substrate in which an end surface of 
an active layer of the optical semiconductor element 
and an end surface of the optical fiber are coupled opti- 
cally, and the alignment of the q^tical semiconductor 
element is made by means of the sides of the recess. 

Furthermore, an optical module of the present 
invention comprises a plurality of optical semiconductor 
elements fixedly mounted on an optical element mount- 
ing substrate, and recesses each formed in a position in 
which end surfaces of active layers of the plurality of 
optical semiconductor elements are optically coupled 
with each otiier. and the alignment of tiie optical semi- 
conductor elements is made by means of the sides of 
tiie r 
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Further, in an optical module of the present inven- 
tion, the recess comprises an electrode pattern for fix- 
edly joining solder bumps. 

In addition, in an optical module of the present 
invention, an electrode is formed in the side of the s 
recess and this electrode is joined to an external elec- 
trode. 

In an optical module of the present invention, a 
depth of the recess is 1 0 to 50 p,m. 

Further, in an optical module of the present inven- io 
ton, the sides of the recess are formed obliquely and an 
area of an opening thereof is larger than an area of the 
bottom. 

Furthermore, in an optical module of the present 
invention, an antireflection film is provided in the side of is 
the recess. 

In addition, in an optical module of the present 
invention, the optical element mounting substrate is 
made of semiconductor material and the sides of the 
recess is constituted by {1 11 } surface. 20 

In an optical module of the present invention, a 
length and a breadth of the bottom of the recess are 
larger than a length and a breadth of the optical semi- 
conductor element, respectively, and is narrower than 
respective values obtained by adding 60 \im to the 2S 
lengtii and the breadtii of the optical semiconductor ele- 
ment, respectively. 

Furtiier, in an optical module of the present inven- 
tion, the recess surrounds at least all corners of the sur- 
face of the optical semiconductor element opposite to 30 
the optical element mounting substrate. 

Furtherrriore, in an optical module of the present 
invention, the recess surrounds at least all sides of the 
surface of the optical semiconductor element opposite 
to tiie optical element mounting substrata as 

In addition, in an optical module of the present 
invention, the recess surrounds at least a set of oppo- 
site corners of ttie surface of tiie optical semiconductor 
element opposite to the optical element mounting sub- 
strate. 40 

In an optical module of the present invention, the 
recess surrounds at least corners at both ends of any 
one side of the surface of the optical semiconductor ele- 
ment opposite to the optical element mounting sub- 
strate and another side opposite to said one side. 45 

In an optical module of the present invention, the 
optical semiconductor element comprises a photodiode 
or a laser diode. 

According to tiie present invention, the recess is 
formed in the position in which the optical semiconduc- so 
tor element on tiie optical element mounting substrate is 
fixedly joined to tiiereby be able tof ixedly join the optical 
semiconductor element in a desired position witiiout 
adjustment. 

Further, since the sides of the recess is formed ss 
obliquely so that an area of an opening of the recess is 
larger than an area of tiie bottom to thereby be able to 
reduce an amount of reflected light which is returned to 
the optical semiconductor element, the characteristics 



of the optical semiconductor element can be prevented 
from being scattered due to tiie reflected light. In addi- 
tion, tiie obliquely formed sides of the recess is suitable 
for connection of the optical semiconductor element 
joined on the optical element mounting subsbBte and 
the electi-ode formed externally 

Furthermore, by forming a depth of tiie recess to 1 0 
to 50 fim. the depth of the recess is deeper than tiie 
height of tiie unmeited solder bump and accordingly 
after the optical semiconductor element is disposed on 
the mounting substrate, the displacement of the optical 
semiconductor element until the solder bump is melted 
can be limited. The mounting substrate and the optical 
semiconductor element can be joined with high accu- 
racy by the self-alignment effect upon melting of the sol- 
der bump. 

In addition, by forming the antireflection film or layer 
on the sides of the recess, ttie reflected light is not 
returned to the optical semiconductor element and 
accordingly deterioration of the characteristics of tiie 
optical semiconductor element due to the reflected light 
can t^e prevented. 

Further, a plurality of recesses are formed on a 
wafer and an optical semiconductor element is mounted 
in each of the recesses. The wafer and the optical sem- 
iconductor elements are fixedly joined by solder bumps 
and the wafer is cut into chips to form optical modules to 
thereby be able to improve the mass productivity of the 
optical modules and attain the low-cost optical semicon- 
ductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgs. 1 A and 1 B are schematic diagrams illustrating 
an optical module according to an embodiment of 
the present invention in which an optical semicon- 
ductor chip and an optical waveguide are coupled; 
Rgs. 2A and 2B are schematic diagrams illustrating 
an optical module according to an embodiment of 
the present invention in which optical semiconduc- 
tor chips and an optical waveguide are coupjed; 
Rgs. 3A and 38 are schematic diagrams illustrating 
an optical module according to an embodiment of 
the present invention in which an optical semicon- 
ductor chip and an optical fiber are coupled; 
Figs. 4A and 4B are schennatic diagrams illustrating 
an optical module according to an embodiment of 
tiie present invention In which optical semiconduc- 
tor chips and an optical fiber are coupled; 
Rgs. 5A to 5C illustrate coupling of an optical sem- 
iconductor chip and an optical platform by means of 
solder bumps; 

Rg. 6 illusti^ates electi-odes formed in an optical dis- 
placement avoiding groove in an embodiment 
according to the present invention; 
Rg. 7 illustrates an antireflection film formed in an 
optical displacement avoiding groove in an embod- 
iment according to the present invention; 
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Fig. 8 schematically illustrates an optical semicon- 
ductor device including an optical module accord- 
ing to an embodiment of the present invention; 
Figs. 9A to 9D show a process of fabricating a plu- 
rality of optical modules according to an embodi- s 
ment of the present invention simultaneously; 
Fig. 1 0 illustrates a shape of a recess in an embod- 
iment of the present invention; 
Fig. 1 1 illustrates a shape of a recess in an embod- 
iment of the present invention; io 
Fig. 12 illustrates a shape of a recess in an embod- 
iment of the present invention; and 
Fig. 1 3 illustrates a shape of a recess in an embod- 
iment of the present invention. 

IS 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figs. 1 A and 1 6 are schematic diagrams illustrating 
an embodiment of an optical module according to the 20 
present invention in which an optical semiconductor ele- 
ment or chip is coupled with an optical waveguide, and 
Figs. 1A and 1B are a plan view and a sectional view 
taken along line A-B, respectively. In Fig. 1, an optical 
waveguide 2, an optical displacement avoiding groove 4 2s 
and an optical guide groove 5 are formed in the surface 
of an optical element mounting substrate or optical plat- 
form 3 made of a silicon substrate, and an optical semi- 
conductor chip 1 is fixedly mounted in the optical 
displacement avoiding groove 4 by means of solder 30 
bumps 8. With such a structure, since the displacement 
of the optical semiconductor chip 1 on the optical plat- 
form 3 can be limited, there does not occur a phenome- 
non that the optical semiconductor chip 1 is deviated 
before the solder bump 8 hardens so that electrode pat- 3S 
terns 6 and 7 are not coupled with each other upon 
melting of the solder bump 8 or the optical semiconduc- 
tor chip 1 is deviated from a position where the optical 
semiconductor chip 1 is optically coupled to the optical 
waveguide 2 and is joined to the deviated position or the 40 
optical semiconductor 1 is not quite joined fixedly. 
Accordingly, the electrode patterns 6 and 7 can be cou- 
pled with each other exactly. 

A length and a breadth of a bottom of the optical 
displacement avoiding groove 4 are made larger than a 4S 
length and a breadtii of a bottom of the optical semicon- 
ductor chip 1 in consideration of a size and the number 
of the solder bumps, respectively, and are made nar- 
rower than respective values obtained by adding 60 \m 
to the length and the breadth of the bottom of the optical so 
semiconductor chip 1 , so that the displacement of the 
optical semiconductor chip 1 can be reduced to 30 (tm 
or less and a phenomenon tiiat the position of the opti- 
cal semiconductor chip 1 is deviated too much so that 
the solder bumps and the electrode pattern which are ss 
not to be coupled with each other are coupled with each 
other can be avoided so that the electrode patterns 6 
and 7 can be coupled with each other exactiy. 
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Further, as shown in Fig. 10. even when the recess 
is formed to surround all corners of the surface of the 
optical semiconductor chip 1 opposite to the optical plat- 
form 3, the above effect can be obtained. 

Furthermore, as shown in Rg. 1 1 , even when the 
recess is formed to surround all sides of tiie surface of 
the optical semiconductor chip 1 opposite to the optical 
platform 3, the above effect can be also attained. 

In addition, as shown in Fig. 12, even when the 
recess is formed to surround a set of opposite corners 
of the surface of the optical semiconductor chip 1 oppo- 
site to the optical platform 3. the above effect can be 
obtained. 

Further, as shown in Fig. 13, even when the recess 
is formed to surround corners at both ends of any one 
side of the surface of the optical semiconductor chip 1 
opposite to the optical platform 3 and another side of the 
optical semiconductor chip 1 opposite to the one side, 
the above effect can be obtained. 

Rgs. 2A and 2B are schematic diagrams illustrating 
another embodiment of an optical module according to 
the present invention in which optical semiconductor 
chips and an optical waveguide are coupled, and Figs. 
2A and 2B are a plan view and a sectional view taken 
along line A-B, respectively. In Fig. 2. an optical 
waveguide 2, optical displacement avoiding grooves 4 
and optical guide grooves 5 are formed in the surface of 
an optical platform 3 made of a silicon substrates, and a 
light emitting chip 1 1 and a photodetector 1 2 are fixedly 
mounted or joined in the respective optical displace- 
ment avoiding grooves 4 by means of solder bumps 8. 
The photodetector 12 is provided to monitor laser light 
emitted from the light emitting chip 1 1 and the reliability 
of the light emitting chip 1 1 can be compensated by 
monitoring the laser light by the photodetector 12. 

In Figs. 2A and 2B. the photodetector 12 is 
mounted on the optical platform 3 obliquely to the light 
emitting chip 1 1 . so that light reflected by an end surface 
of tiie photodetector 12 can be prevented from being 
returned to the light emitting chip 1 1 . 

An example of a fabricating method of the optical 
module shown in Rgs. 1 and 2 is now described. A step 
is first formed in the optical platform 3 by means of etch- 
ing and the optical waveguide 2 is formed by means of 
tiie flame hydrolysis deposition (FHD) and dry etching. 
Then, etching is performed to form the optical displace- 
ment avdding groove 4 and the optical groove 5. As 
shown in Figs. 6 and 7, an electrode 13 is formed and 
patterned from the inside to the outside of the optical 
displacement avoiding groove 4 by the evaporation 
method and osdde film formed on the electrode 13 is 
vwndowed by means of the CVD method to form tiie 
electrode patterns 6 and 7. Then, tiie optical semicon- 
ductor chip 1 or the light emitting chip 1 1 and the photo- 
detector 12 having electrodes 6 formed on the rear side 
thereof and solder bumps 8 formed thereon are dis- 
posed in the optical displacement avoiding groove 4 and 
the solder bumps 8 are melted in a reflow furnace, so 
that tiie optical waveguide 2 and tiie optical semicon- 
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ductor chip 1 or the light emitting chip 1 1 and the photo- 
detector 12 are joined In the position in which they are 
coupled optically. As described above, the optical mod- 
ule of the present invention is completed. 

In the above febricating method, when the optical s 
displacement avoiding groove 4 is formed, silicon is 
subjected to anisotrophy etching while a KOH aqueous 
solution is used as an etchant. so that side walls are 
inclined to be (11 1) surface as shown in Fig. 6. Accord- 
ingly, an area of an opening can be made larger than an io 
area of the bottom. Further, since the sides of the opti- 
cal displacement avoiding groove 4 for fixedly mounting 
or joining the optical semiconductor chip 1 and the light 
emitting chip 1 1 can be inclined to reduce reflected light, 
deterioration of the characteristic of the optical ele- is 
ments such as the optical semiconductor chip 1, the 
light emitting chip 11 and the photodetector 12 due to 
reflected light can be prevented. It is not necessary to 
incline the sides of the optical displacement avoiding 
groove 4 for fixedly mounting or joining the photodetec- 20 
tor 12, since light emitted from the light emitting chip 1 1 
and incident on the photodetector 12 does not reach the 
end surface of the photodetector 12 and accordingly 
reflected light which influences the characteristics of the 
light emitting chip 1 1 does not occur. 25 

Furthermore, when the optical displacement avoid- 
ing groove 4 is formed by dry etching, resist used as an 
etching mask is previously dragged or flagged by hard 
baking so that side walls of the groove formed by etch- 
ing are also dragged and accordingly the area of the 30 
opening can be easily made larger than that of the bot- 
tom. 

In addition, as shown in Fig. 7, when the sides of 
the optical displacement avoiding groove 4 are formed 
vertically, an antiref lection film or layer 15 is formed ver- 3S 
tically to the optical path on the sides thereof to thereby 
be able to reduce reflection of laser light at the sides 
thereof. Accordingly, deterioration of the characteristics 
of the optical elements such as the optical semiconduc- 
tor chip 1 and the light emitting chip 1 1 due to reflected 40 
light can be prevented. 

Figs. 3A and 3B are schematic diagrams illustrating 
an embodiment of an optical module according to the 
present invention in which an optical semiconductor 
chip and an optical fiber 9 are coupled, and Rgs. 3A and 4S 
SB are a plan view and a sectional view taken along line 
A-B, respectively A V-groove 10 for fixedly mounting or 
joining the optical fiber 9, an optical displacement avoid- 
ing groove 4 and an optical guide groove 5 are formed 
in the surface of an optical platform 3 made of a silicon so 
substrate and an optical semiconductor chip 1 is fixedly 
mounted in the optical displacement avoiding groove 4 
by means of solder bumps 8. With such a structure, 
since the displacement of the optical semiconductor 
chip 1 on the optical platform 3 can be limited, there ss 
does not occur phenomenon that the optical semicon- 
ductor chip 1 is deviated before the solder bumps 8 
harden so that the electrode patterns 6 and 7 to be cou- 
pled upon melting of the solder bump 8 are not coupled 



or the optical semiconductor chip 1 is deviated from a 
position in which the optical semiconductor chip 1 is 
optically coupled with the optical fiber 9 and is joined to 
the deviated position or the optical semiconductor chip 
1 is not quite joined, and accordingly the electrode pat- 
terns 6 and 7 can be coupled exactly. 

Figs. 4A and 4B are schematic diagrams illustrating 
another embodiment of an optical module according to 
the present invention in which optical semiconductor 
chips and an optical fiber 9 are coupled, and Figs. 4A 
and 4B are a plan view and a sectional view taken along 
line A-B. respectively A V-groove 10 for fixedly mount- 
ing or joining the optical fiber 9, an optical displacement 
avoiding groove 4 and an optical guide groove 5 are 
formed in the surface of the optical platform 3 of a sili- 
con substrate and a light emitting chip 1 1 and a photo- 
detector 12 are fixedly mounted in the optical 
displacement avoiding groove 4 by means of the solder 
bump 8. The photodetector 12 is provided to monitor 
laser light emitted from the light emitting chip 1 1 and the 
reliability of the light emitting chip 1 1 can be compen- 
sated by monitoring the laser light by the photodetector 
12. 

With such a structure, since the displacement of the 
light emitting chip 11 and the photodetector 12 on the 
optical platform 3 can be limited, there does not occur 
phenomenon that the light emitting chip 1 1 and the pho- 
todetector 12 are deviated before the solder bumps 8 
harden so that the electrode patterns 6 and 7 to be cou- 
pled upon melting of the solder bump 8 are not coupled 
or the light emitting chip 11 and the photodetector 12 
are deviated from a position in which the light emitting 
chip 11 and the photodetector 12 are optically coupled 
with the optical fiber 9 and joined to tiie deviated posi- 
tion or tiie light emitting chip 1 1 and the photodetector 
12 are not quite joined and accordingly the electrode 
patterns 6 and 7 can be coupled exactiy. 

Further, in Fig. 4, the photodetector 12 is joined on 
the optical platform 3 obliquely to tiie light emitting chip 
1 1 , so tiiat light reflected at an end surface of the photo- 
detector 12 can be prevented from be returned to the 
light emitting chip 11. 

An example of a fabricating metiiod of tiie optical 
module of tiie present invention shown in Figs. 3 and 4 
Is now described. The V-groove having side mils con- 
stituted by (111) surface is first formed in the optical 
platform 3 by anisotrophy etching of silicon. Then, etch- 
ing is performed to form the optical displacement avoid- 
ing groove 4 and the optical guide groove 5. As shown 
in Fig. 6, an electrode 13 is formed and patterned from 
the inside to the outside of tiie optical displacement 
avoiding groove 4 by the evaporation method and oxide 
film formed on the electrode 13 is windowed by means 
of the CVD method to form the electrode patterns 6 and 
7. Then, the optical semiconductor chip 1 or tiie light 
emitting chip 11 and tiie photodetector 12 having elec- 
trodes 6 formed on tiie rear side tiiereof and solder 
bumps 8 formed thereon are disposed in the optical dis- 
placement avoiding groove 4 and the solder bunps 8 
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are melted in a reflow furnace to join them. Then, the 
optical fiber 9 is fixedly mounted in the V-groove 9 with 
solder to thereby optically couple the optical semicon- 
ductor chip 1 with the optical fiber 9 or the light emitting 
chip 1 1 and the photodetector 1 2 with the optical fiber 9. s 
As described above, the optical module of the present 
invention is completed. 

In the above labricating method, since the optical 
displacement avoiding groove 4 is formed to incline the 
sides thereof so that reflected light can be reduced, ?o 
deterioration of the characteristics of the optical ele- 
ments such as the optical semiconductor chip 1 and the 
LD chip 1 1 due to the reflected tight can be prevented. It 
is not necessary to Incline the sides of the optical dis- 
placement avoiding groove 4 for fixedly mounting or is 
joining the photodetector 12 since light emitted by tiie 
light emitting chip 1 1 and incident on the photodetector 
12 does not reach the end surface of the photodetector 
12 and accordingly reflected light which influences the 
characteristics of the light emitting chip 1 1 is not pro- 20 
duced. 

Further, as shown in Fig. 7, when the sides of the 
optical displacement avoiding groove 4 are formed ver- 
tically an antiref lection film or layer 15 is formed verti- 
cally to the qstical patii at the sides to thereby be able to 25 
reduce reflection of laser light at the sides. Accordingly 
deterioration of the characteristics of the optical ele- 
ments such as the optical semiconductor chip 1 and tiie 
light emitting chip 1 1 due to reflected light can be pre- 
vented. 30 

Fig. 8 is a schematic diagram illustrating an optical 
semiconductor device in which tiie optical module of the 
present invention is mounted. In Fig. 8, the optical plat- 
form 3 in which the optical semiconductor chip 1 Is 
mounted is joined to a lower package 1 9 to which a lead ss 
frame 1 7 is formed. The electrode 1 3 on the optical plat- 
form 3 is then connected to ttie lead frame 17 by wire 
bonding. The optical fiber 9 is disposed in the V-groove 
on the mounting platform and fixed therein by adhesive 
agent or the like. Then, the upper package 1 8 is closely 4o 
joined to the lower package 19 by means of adhesive 
agent while maintaining the Inside of the package to be 
an atmosphere of nitrogen. Thus, the optical semicon- 
ductor device having the optical module of the present 
invention mounted therein is completed. 45 

Figs. 9A to 9D show a process of fabricating a plu- 
rality of optical modules of the present invention simul- 
taneously In Fig. 9A, optical waveguides 91 and 
recesses 92 are formed on a semiconductor wafer 93. 
Then, as shown in Rg. 9B. optical semiconductor chips so 
94 is disposed in the recesses 92 and the semiconduc- 
tor wafer 93 and the optical semiconductor chips 94 are 
fixedly joined by solder bumps. The semiconductor 
wafer 93 is cut into individual chips along brol^en lines 
shown in Fig. 9C, so that tiie optical module of the ss 
present Invention can be obtained as shown in Fig. 9D. 

Since the process shown in Fig. 9 can be used to 
torm the plurality of optical modules of tiie present 
invention simultaneously, the mass productivity can be 



improved. Further, since the optical semiconductor 
chips 94 and the optical waveguides 91 can be coupled 
without adjustment, the low-cost optical semiconductor 
device can be realized. 

According to the present invention, the recesses 
are formed in the positions on the optical platform in 
which the optical semiconductor chips are fixedly joined 
to thereby be able to position the optical semiconductor 
chips without adjustment so that the optical semicon- 
ductor chips can be fixedly joined on tiie optical platform 
with high accuracy. 

Further, according to the present invention, the 
sides of the recesses for fixedly joining the optical sem- 
iconductor chips are formed obliquely to thereby be able 
to reduce reflected light returned to the optical semicon- 
ductor chips and accordingly deterioration of the char- 
acteristics of the optical semiconductor chips due to the 
reflected light is prevented. 

In addition, according to the present invention, the 
depth of the recesses is made deeper tiian the height of 
the unmelted solder bumps to thereby be able to limit 
the displacement of the optical semiconductor chips, 
the light emitting chips and the photodetectors until tiie 
solder bumps are melted after the optical semiconduc- 
tor chips, the light emitting chips and the photodetectors 
are disposed on the optical platform and tiie optical 
semiconductor chips, the light emitting chips and tiie 
photodetectors can be fixedly joined to tiie optical plat- 
form by tiie self-alignment effect witii high accuracy 
upon melting of the solder bumps. 

Claims 

1. An optical module comprising an optical element 
mounting substrate (3) in which an optical 
waveguide (2) is formed, an optical semiconductor 
element (1) fixedly mounted in said optical element 
mounting substrate, and an recess (4) for fixing said 
optical semiconductor element in a position in a 
surface of said optical element mounting substrate 
in which an end surface of an active layer of said, 
optical semiconductor element and an end surface 
of said optical waveguide are coupled optically 
alignment of said optical semiconductor element 
being made by means of the sides of said recess. 

2. An optical module comprising an optical element 
mounting substrate (3) in which a groove is formed, 
an optical fiber fixedly mounted in said groove, an 
optical semiconductor element (1) fixedly mounted 
in said optical element mounting substrate (3). and 
an recess (4) for fixing said optical semiconductor 
element in a position in a surfece of said optical ele- 
ment mounting substrate in which an end surface of 
an active layer of said optical semiconductor ele- 
ment and an end surface of said optical fiber are 
cpupled optically, alignment of said optical semi- 
conductor element being made by means of tiie 
sides of said recess. 
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3. An optical module comprising a plurality of optical 
semiconductor elements (11, 12) fixedly mounted 
on an optical element mounting substrate (3). and 
recesses (4) each formed in a position in which end 
surfaces of active layers of said plurality of optical 5 
semiconductor elements are optically coupled with 
each other, alignment of said optical semiconductor 
elements being made by means of the sides of said 
recesses. 

10 

4. An optical module according to any one of Claims 1 
to 3, comprising an electrode pattern (6. 7) formed 
within said recess to fixedly join at least solder 
bump (8). 

15 

5. An optical module according to any one of Claims 1 
to 3, wherein when electrode patterns (6, 7) pro- 
vided in said recess (4) formed in said optical ele- 
ment mounting substrate (3) and said optical 
semiconductor element (1} are fixed by means of 20 
metal alloy member, a shape of said recess and a 
shape of the electrode pattern in said recess are 
matched within a range in which desired electrode 
patterns can be joined to each other. 

25 

6. An optical module according to any one of Claims 1 
to 3, wherein the sides of said recess (4) is inclined 
so that an area of an opening of said recess is 
made larger than an area of a bottom of said 
recess. 30 



12. An optical module according to any one of Claims 1 
to 3, wherein said recess (4) surrounds at least four 
corners of the bottom of said optical semiconductor 
element (1 1). 

13- An optical module according to any one of Claims 1 
to 3. wherein said recess (14) sun-ounds at least 
four sides of the bottom of said optical semiconduc- 
tor element (1). 

14. An optical module according to any one of Claims 1 
to 3. wherein said recess (4) surrounds at least a 
set of opposite corners of said optical semiconduc- 
tor element (1). 

15. An optical module according to any one of Claims 1 
to 3, wherein said recess (4) surrounds at least cor- 
ners at both ends of any one side and another side 
opposite to said one side. 

1 6. An optical module according to any one of Claims 1 
to 3» wherein said optical semiconductor element 
(1) comprises a photodiode or a laser diode. 



7. An optical module according to any one of Claims 1 
to 3, comprising an electrode formed in the side of 
said recess and connected to an external electrode. 

8. An optical module according to any one of Claims 1 
to 3, comprising antiref lection film (15) formed in 
the side of said recess. 



9. An optical module according to any one of Claims 1 40 
to 3. wherein said optical element mounting sub- 
strate (3) is made of semiconductor material and 

the side of said recess formed in a surface of said 
optical element mounting substrate is constituted of 
{111} surface. 4s 

10. An optical module according to any one of Claims 1 
to 3, wherein a depth of said recess (4) is 10 to 50 
fim. 

50 

11 . An optical module according to any one of Claims 1 
to 3. wherein a length and a breadth of the bottom 
of said recess (4) are larger than a length and a 
breadth of said optical semiconductor element (1). 
respectively, and are narrower than respective val- ss 
ues obtained by adding 60 |xm to the length and the 
breadth of said optical semiconductor element, 
respectively. 
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FIG.5C 
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